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1 Introduction
The SENSOR project aims at delivering ex-ante Sustainability Impact Assessment Tools
(SIAT) to support decision making on policies related to multifunctional land use in
European regions. Decision support tools are required that provide scientifically
substantiated anticipations of the effects of future policy options on sustainability issues.
SENSOR responds to these information needs at European land use policy level with the
SIAT, which is interactively designed with end users (Helming et al. 2008). This paper
illustrates the design process of the SIAT under the concurrent condition of a high usability
for end users. To meet this goal, end user involvements by using techniques of software
prototyping is applied.
Impact Assessment (IA) is an important instrument towards the fulfilment of the European
Sustainable Development Strategy (EC 2001). This obligatory process has to be undertaken
before decisions on policy proposals at European level are made (EC 2005). The European
Commission provided in the European IA Guidelines detailed methodological steps on the
procedure of IA (EC 2005). SIAT covers the two methodological steps of (a) analysing
policy options against the divergence to defined objectives and (b) comparing policy
options among each other.
IA procedures are prevalently supported by operational tools that are often restricted to
precise, quantitative sector information. They focus mostly on single aspects of economic,
social or environmental impacts and are mainly designed for ex-post analysis (Bartolomeo
et al. 2004). Integrated and comprehensive questions are less answered (Tamborra 2002).
SIAT intends to bridge this gap and thus focuses on impact assessment towards an
integrated perspective. Region-explicit policy impacts are analysed across six sectors on
economic, environmental and social indicators (Sieber et al. 2008, Verweij et al. 2006).
The major challenge is the transformation of interdisciplinary knowledge into an adequate
model-design that meets the end user requirements. At the same time high standards of
technical performance and evident functionality should be ensured: In particular, (a) short
response time, (b) maximum flexibility regarding re-useability of applying scenarios, (c)
fast integration of new intended policies for impact analysis, (d) high compatibility of
different calculation methods, (e) effectual reliability and plausibility of simulation results.
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The research question asks for a method to assure both, meeting the end user requirements
as well as the above described standards. To meet these goals the method of software
prototyping related to end user involvements is described in detail. Thus, the paper
illustrates in chapter 2.1 the SIAT design and methodology, in chapter 2.2 the applied
process of operational prototyping. Chapter 3 concludes in terms of so far achieved results.
2 Developing Model Design Features
Software prototyping focuses on the design process towards the final model version, which
should be tailored for the specific use of end user groups (Guida et al. 1999). Typically,
subsets of features demonstrate functionalities of specific domains to be developed stepwise in collaborative discussions with interdisciplinary researcher (Davis 1992).
The SIAT prototype I was released in 2006 (Verweij et al. 2006). This version contains a
small subset of the features to demonstrate the functionality of simulating land use-related
policy impacts. The domain structure and model components have been defined to allow
users to evaluate the proposals on design and functionality. Group discussions as well as
interviews with potential end users surveyed expectations and requirements for the
operational prototyping (Davis 1992). The feedback has supported accurate estimates on
given capacities for software specification and applied modelling techniques. The given
budget for software development adjusts the design of the software architecture towards
possible solutions.
As a result of theses processes, SIAT prototype II achieved a complete system integration
consisting of a new Graphical User Interface (GUI), server-data base and newly
implemented calculation components with related content management (e.g. fact and
information sheets). The SIAT prototype II will be released by end of May 2008. In the
following chapter 2.1 the methodology and functionality of SIAT is explained. Subsequent,
chapter 2.2 emphasises the development process of user involvements and prototyping.
2.1 The SIAT design
The integrated analysis by means of SIAT allows policy scenario solving across the sectors
agriculture, forestry, energy, transport, nature conservation and tourism (Sieber et al. 2007,
Verweij et al. 2006). SIAT conducts ex-ante impact assessment for the target year 2025 and
covers 570 European regions at the level of the EU 27. End users are able to simulate
policies by changing the intensities, which are expressed in sets of instruments (e.g.
agricultural support subsidies in million €). Each simulation computes 35 impact indicators
that illustrate the policy impact. Trade-offs are shown, when sets of policy options with
varied intensities can be compared among each other. The impact indicators contain critical
limits to valuate sustainability. Land Use Functions indicate the level of goods and services
at regional level (see paragraph methodology).

(1)
(2)
Fig. 1. Design of prototype II (Verweij 2008)

2
1009

Sustainability Impact Assessment Tools (SIAT): A meta-model design for cross-sectoral European Impact Analysis

Functionality
On the opening page of the GUI the user decide to choose the pathway (a) conducting
Impact Assessment or (b) reading background information. Point (a) is the model
application that forms the model core and defines the procedure to solve policy scenarios. A
complete scenario comprises five steps:
Step (1) computes the macroeconomic reference scenario values of the impact indicators
for the target year. Variations of the reference scenario are expressed in ‘business as usual’,
‘high-growth’ and ‘low-growth’. They vary in terms of no change, positive and negative
anticipated trends of the incorporated land use drivers: Oil Price, Expenditures for Research
and Development, Labour Force, Demographic Changes and World Economic Demand.
Step (2) identifies the policy case (thematic area) to be simulated. Each policy case contains
sets of instruments. Within each case the user can select and combine different policy
instruments as well as the intensity of each instrument can be changed.
Step (3) illustrates the computed scenario results of impact indicators as consequence of the
policy settings. Results are presented in interactive maps, tables and graphs. Photorealistic
visualisations support impressions on changes within landscape views. Map layer (Google
data) superimpose additional geographical information for specific analysis.
Step (4) evaluates impacts according to sustainability criteria that are expressed in critical
limits (thresholds, targets). This valuation defines an allowable sustainability choice space,
which is based on region-specific tolerance limits per indicator.
Step (5) aggregates groups of indicators to Land Use Functions (LUF) that indicate the
level of goods and services at regional level. Nine LUFs have been defined. ‘Provision of
work’, ‘Human health and recreation’, ‘Cultural landscape identity’, ‘Residential and nonland based industries and services’, ‘Land based production and Infrastructure’, ‘Provision
of abiotic resources’, ‘Support and provision of habitat’ and ‘Maintenance of ecosystem
processes’ (Perez-Soba et al. 2008).
Policy options can be compared and valuated at the level of single indicators or of LUFs,
but the valuation of policy options by sustainability criteria depends on end users` opinion.
Methodology
In order to be able to compute a high number of simulation runs with short model response
time, SIAT needs a specific meta-model concept. The algorithm for calculations in SIAT is
composed of mathematical response functions, which are derived by quantitative modelling
techniques (see fig. 2) using a model framework. The model framework is not implemented
into SIAT, but the response functions.
In order to assess the response functions, the modelling framework interacts among linked
components as follows: First, macro economical modelling is carried out by NEMISIS
(Kouvaritakis 2004) in sectoral division for respective administrative regions. NEMESIS
safeguards the statistic accounting frame and allocates needed sectoral demand-driven land
claims. Based on the macro-economic agricultural and timbered land claim, the sectoral
models CAPRI (Britz et al. 2003) and EFISCEN (Lindner et al. 2002) determine intrasectoral interrelations and feedbacks land prices and physical land claims to the
macroeconomic sector level. Thus, feedback loops between the macro- and sectoral models
assure consistency between macro-economic and sector input-output relations. The
consolidation of the model framework is reflected in equilibrium prices and physical
supply-demand equilibrium for goods and services related to land allocation. The modelling
results are disaggregated to grid level (1x1 km) using the CLUE model (Kok et al. 2000) in
order to consistently superimpose model projections with the standard result regionalisation
of computed impacts.
By applying this procedure for one policy intensity (fig. 2. figure above), one point
estimation is assessed. Iteratively varied policy intensities provide a higher number of point
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estimations: The dots on the presented function in the upper figure 2 express the
mathematical correlation between either land use changes or other indicator values. The
function shape as best fitting line among the point estimations is estimated through
econometric techniques (Jansson 2006). One function represents the described correlations
in one region. Assuming that only three subsets of policies across six sectors are defined
and 30 indicators are implemented, approx. 600.000 functions for one policy case have to
be integrated in SIAT.
This concept of implementing pre-calculated simulations results (1) reduces the model
response time, (2) allow covering a high number of indicators with differently applied
methods, (3) covers cross-sectoral integrated impact issues as quick-scan analysis for
immediate decision support.

Interim
results
(land use)

Indicator
value

Policy variable
Indicator 1
Indicator 2

Interim result

Fig. 2. Policy and indicator functions in SIAT
The SIAT prototype II has achieved a complete system integration of all implemented and
interacting components. The three major groups of components were defined as follows:
(1) The SIAT-End user tool ensures full functionality to define policies for analysing their
impacts and sustainability valuation. The effects of different policy options can be
compared among each other. The (a) interaction model, (b) the software architecture and (c)
the graphical design have been redesigned. (d) Standard visualization components as maps,
tables and spider diagrams have been implemented.
(2) The SIAT-knowledge base contains all functional relations in a quantitative or
qualitative form. Both concern the translation of policies into impacts and sustainability
valuation as well as by applying (spatial) up- and down scaling methods. This knowledge is
based on numeric data bases and fact- and information sheets to trace calculations and
ensure transparency on assumptions.
(3) The visualisation of the complex models and scenario results beyond the SIAT-standard
graphical solutions contains the following advanced methods: 2D and 3D-visualisation,
namely (a) a 3D-Landscape Generation Model that serves as input for a photo-realistic 3D
Visualisation (visualisation system L-VIS ), a schematised Visualisation (Biosphere3D)
that applied None-photorealistic Rendering Techniques. Complementary thematic map
dialogues have been developed as additional Google map-layer to be superimposed with
SIAT-result maps.
2.2 User involvements and prototyping
Essential and predominant prerequisite for a successful model design is meeting the end
user requirements of end users. The functionality and methodology of SIAT has been
developed by participatory processes with potential end users, who are involved in either
decision making or impact assessment processes. By applying the method of operational
prototyping stakeholders and key representatives of impact assessment have been involved
at various levels (Guida et al. 1999). For this, the planning of structured processes is key
requisite of success in terms of using given capacities preferably cost efficient.
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User involvements
This chapter reveals major considerations from a theoretical perspective, which is then
compared in the following chapter with the SIAT development.
The process of stakeholder involvements by potential need specific considerations in terms
of the EU Commission as principal organisation as governmental representative. The
selection of potential end users either as individuals or groups affects highly decisions on
the model design. They influence both the functionality and the design (Hemmati 2002).
Thus the organizational structure has immense influence, which has been taken into account
as follows:
Institutional analyses have been performed both, from literature and as operating
experience to take into account main requirements and organisational aspects into the
current prototype design. Different roles, interactions and applied methods between
participants have been analysed towards achieving a common SIAT design that ideally
meet exactly the EC end users’ requirements of a preferably broad audience (Checkland
and Holwell 1999).
Supporting decision making limits the scope of the SIAT design process to a specific focus
on an end-users’ information needs. For any existing process of decision making the
institutional structure plays an important role for the design. SIAT aims at providing
relevant information in a manner, which improves the way in which the employees of the
European Commission (EC) work together across the different organisational structures of
Direction Generals (DGs). In order to meet the goal of an accepted SIAT design the
organisation should be analysed with regard to organisational structure, internal processes
and roles of actors.
Specific hierarchies and the degree of cross-organisational use cause different requirements
on the design (Vetschera 1997). Generally, wider user groups and increasing crossdepartmental decision spaces lead to an increase of support required for user-friendly
handling. Due to abundant cross-sectoral thematic views, the analytical level is broader and
focuses rather on comprehensive quick-scan analysis than on high performance of
accuracy. The decision level of the potential SIAT user group aims primarily at a
hierarchical system that supports decision making within the EU-Commission at the same
organisational level. Hence, SIAT provides information which directly guides to the
decision solutions (Fredman et al. 1999) at the same organisational level of the EC for
cross-cutting analysis.
Different operational aspects of common objectives should be considered, as they affect the
design of SIAT. Ideally SIAT will be used by the scientific consortium designing the tool
and at the same time by externals at the EC level. The SIAT designer have to understand
the demand on design in orientation and should use ‘socio-technical’ methods like Soft
Systems Methodology (Winter et al. 1995) during the development processes to better
reflect organisational needs in tool design. Often a good narrative is more engaging and
useful than the best science (Checkland and Holwell 1999). Therefore, the SIAT interface
and the entire model development itself should try to conform to the preferred
communication systems of targeted end users.
In summary supporting organisational decision making at the EC level should minimise the
risks by (1) establishing linkages with an adequate number of potential end users as
catalysers in case of staff rotation and displacements respectively; (2) involving potential
end users in the development process earliest possible, but with respect to different
development phases of stakeholder involvements. (3) As key for creating awareness
collaborative development should further be strengthened in terms of increasing the use of
SIAT. (4) Continuity of the iterative process development towards a reliable and
confidential relation between respective sharers is an essential success factor (Mcintosh et
al. NN).
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SIAT development
Taking the above described considerations on user involvements into account, the SIAT
considered the following steps and actions during the development. As the previous chapter
described an ideal situation, this consideration describes actual undertaken measures.
(1) Reviewing and benchmarking gathered knowledge of similar projects
Based on the existing in-house knowledge a critical review and benchmark of existing
model approaches is essential. With regard to similar projects (e.g. EURURALIS,
SEAMLESS) existing knowledge could be used with regard to the conceptual design.
Reusing of existing model components is most effective to avoid redundancies. In this
regard simulation procedures, calculation techniques, visualisation components as well as
already established relations to sub-contractors could be efficiently used or shared among
projects. The overall effect of these measures to reduce costs can be considerable.
(2) Adjustment of basic requirements
Based on the Documentation of Work (DOW) basic requirements with reference to
analytical objectives and technical specifications have been surveyed. The DOW
description was unspecific enough to have maximal freedom for ‘own’ specifications in
terms of designing SIAT, but the analytical objective was clearly defined. Further surveys
at the level of contracting body (EU Commission) created a common project understanding
and priority setting of objectives. Thus, indispensable is a close contact to the responsible
commissioner’s view. Once, basic requirements and a priority setting were available, both
have to be translated into a first prototype.
(3) Develop a simplistic Prototype
Based on both previous processes, the modelling group met for a one-week hands-on
exercise on prototyping. The group was composed of researcher with different background
from software engineers, landscape planners to agricultural engineers. Subcontracted
graphical designer delivered on-demand design elements. The result was a fully functional
SIAT prototype I that contained (a) an user interface, (b) a topic-structure for content
management (c) a simplistic model application for one exemplary policy simulation and (d)
visualisation. This SIAT version was evident key for an improved communication on the
model design and functionality1. The gathered feedback by structured user involvements in
group discussions (see number (4)) served as input for prototype II.
(4) Group discussions with end users
Group discussions based on SIAT prototype I aimed at gathering end user requirements in a
structured way. Preferably a mixed group of software engineers, researcher and policy
experts as potential end users have been involved. Apart from numerous SIAT
presentations at scientific conferences, cross-institutional workshops have been organised:
(a) DG Research / EU Commission 2005 [kick-off meeting on expectations], (b) ISPRA /
Joint Research Institute 2006 [stakeholder meeting on conceptual design], (c) DirectoratesGeneral & EU Parliament 2006 [Stakeholder meeting with SEAMLESS FP6-project], (d)
SENSOR / Research institutes 2006-2008 [various internal discussion on conceptual
design], (e) SENSOR Peer-group meeting 2008 [feedback and advice on SIAT prototype],
(f) IPTS / Joint Research Institute 2008 [scientific discussion and feedback], (g) DG
Research (EU Commission) planned.
The workshops showed the importance of establishing key contacts with potential end
users. The modelling group faced the major problem to establish a continuous group over
time that allows iterative feedbacks. Main reasons for this were strategic behaviour,
expressed shortage of time and a high fluctuation of positions among key stakeholders
within institutions. Deliberate discussion guidelines intended to focus on general
expectations on the functionality (“What should the model perform to make useful?”) and
1

Previous communications of the model design by means of a descriptive model definition
were less successful in terms of an effective apprehension.
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specific requirements to cover a preferable broad thematic area of application among all
potential end users (“What do you need additionally for your specific scope of work?”).
(5) Targeted input of experts
Along with group discussions single interviews with end users and specific experts (e.g.
interaction model design) steered the fine tuning of the SIAT design. This additional
technique is a valuable technique, since sincere options and expert judgments are only
expressed in bilateral discussions. In contrast group discussion may lead to strategic
behaviour on expressed end user requirements. A specific group within SENSOR conducts
stakeholder and end user analysis and surveyed expectations in bilateral interviews. Apart
from numerous internal expert interviews external surveys are being conducted and results
will be expected by midyear 2008.
(6) Final negotiation with regard to given capacities
Given specifications and definite further requirements based on demonstrated prototypes
need final decisions on ultimate changes. This last step includes negotiation with regard to
given capacities, cost estimations on realistic possibilities. This process is not finished. The
SENSOR project will last until June 2009.
3 Conclusions
The important aspects discussed in this article concern the model design and functionality
of the meta-model SIAT, which have been developed on the base of end user involvements.
This process was accompanied by applying the method of operational prototyping.
SIAT consists of response protocols, which are generated from a modelling framework
consisting of a range of macro-, sector and land use models. The protocols allow simulating
land use-related policies for Sustainability Impact Assessment at regional level of the EU
with the predominant advantage of a minimised response time (quick-scan analysis). The
meta-model concept causes specific needs for knowledge integration by means of nonstandard technical solution finding. The combination of qualitative and quantitative
integration techniques enables covering a high number of methodologically diverse
indicators.
The research question emphasised the transfer of end user requirements into
methodological and functional model advancements, which have been integrated iteratively
into the SIAT meta-model. Concluding findings regarding the development process are:
•

A first review and benchmark of existing tools among involved institutes is
indispensable process for using cost efficient synergies. Considerable cost reduction
effects for software development can be achieved.

•

Based on experiences of analysing end user requirements, a simplistic first prototype is
evident key to communicate the functionality and intended model design.

•

Group discussions with end users is a valuable instrument, whereas key contacts to
potential end users and permanently alternate meetings are most crucial obstacle.

•

Targeted inputs of experts in bilateral interview form are essential, because ‘strategic
opinions’ in group discussion are by-passed and thus sincere options can be focused.

•

Final negotiation with regard to given capacities should be taken into account when the
final version is developed. Mutual expectations on contractors and clients side are to be
adjusted.

•

Understanding the model development process helps to steer the model design in order
to assure success in terms of acceptance, utility and high degree of utilisation.

•

Knowing the institution regarding its organisational structure is an empiric key for
efficient result-oriented end user collaboration on specific requirements of integrated
impact assessment models (Sieber et al. 2008).
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